Long-term prognosis in patients with fulminant myocarditis can be favorable; however, for 32-36% of patients, this condition becomes fatal during the acute stages despite the use of mechanical circulatory support.
Background
Fulminant myocarditis is characterized by acute deterioration of hemodynamics because of rapid progression of an inflammatory myocardial injury [1] . Other common findings include repetitive ventricular tachycardia and/or fibrillation [2, 3] . For most cases, the combined approach of mechanical circulatory support and optimal medical treatments is sufficient for lifesaving recovery of the injured myocardium. However, for 32-36% patients, the condition becomes fatal during the acute stages despite aggressive treatment [4, 5] . Thus, other therapeutic options may be necessary for patients whose conditions are resistant to aggressive management practices.
Case Report
A 46-year-old male presented to our hospital with a threeday history of moderate fever and general malaise. His medical history included admission to another hospital at 38 years of age for complete atrioventricular block, where pacemaker implantation (VDD mode) was performed. There were no evidence of myocardial necrosis and inflammation that were suggestive of myocarditis. He was admitted to our hospital at 45 years of age for a non-ST-segment elevation myocardial infarction and treated by placement of a drug-eluting stent in the totally occluded middle portion of the high lateral branch. In response, the pre-discharge left ventricular ejection fraction (EF) visualized in the left ventriculogram decreased slightly to 54%.
Upon patient arrival, physical examination revealed low blood pressure (90/53 mmHg) and a third heart sound detected on the apex. The first chest radiograph revealed cardiomegaly with a cardiothoracic ratio of 54% in association with moderate pulmonary congestion. The patient was initially diagnosed with heart failure and admitted to a basic care unit. However, he became increasingly dyspneic, progressed to a state of shock within 1.5 h of admission, and was transferred to the cardiac intensive care unit (CICU). The electrocardiogram obtained in the CICU revealed an accelerated idioventricular rhythm with ST-segment elevation in II, III, and aVF leads and more prominent in V2-V6 leads ( Figure 1A) . Failure of both ventricular sensing and pacing was also noted. Elevated levels of cardiac troponin T (7.790 mg/mL) and creatinine kinase (979 IU/L) indicated myocardial necrosis. In addition, N-terminal B-type natriuretic peptide levels were elevated significantly (8,273 pg/mL). Rapid development of pulmonary edema was noted in the second chest radiograph. The patient underwent intratracheal intubation that was controlled by intermittent mandatory ventilation. His systolic blood pressure was approximately 80 mmHg despite continuous infusion of norepinephrine and dopamine. The patient experienced a transient cardiac standstill in the catheter laboratory; 15 min of cardiopulmonary resuscitation with chest compression and epinephrine injection was required for recovery of spontaneous circulation in the patient. We promptly introduced both extracorporeal membrane oxygenation with an initial flow rate of 2.5 L/min and intra-aortic balloon pump therapy to prevent hemodynamic disruption. Coronary artery trees were free from any lesions with ³50% diameter stenosis. The left ventriculogram pictured in Figure 1B displays global systolic dysfunction with an EF of 22%. Because the patient experienced a tonic convulsion after resuscitation, mild therapeutic hypothermia of 34°C was initiated to protect his brain.
Shock persisted in the patient despite aggressive management. Between days 1 and 3 of treatment, the QRS width progressively increased from 0.18 s to 0.44 s (Figure 2 ). By day 3, CRP levels reached 36.6 mg/dL and CK levels were 8,078 IU/L (Figure 3 ). This unfavorable clinical course was suggestive of extended and activated myocardial injury and inflammation, 
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and the patient appeared to be close to cardiac death. Thus, on day 3, we initiated intravenous methylprednisolone at a dose of 1,000 mg/day for the purposes of immunosuppression and anti-inflammation. The methylprednisolone treatment was maintained for three days and then immediately terminated.
On day 4, the ventricular pacing rhythm was restored and the QRS width was decreased to 0.14 s, consistent with pre-admission QRS width until day 11 ( Figure 2 ). As shown in Figure 3 , the CK levels declined sharply and returned to its normal limit until day 12. The time courses of the CRP and CK levels were similar. In accordance with improved myocardial injury and inflammation, the left ventricular ejection fraction (LVEF) in the echocardiogram increased from 24% to 44%. Extracorporeal membrane oxygenation and intra-aortic balloon pump therapy were discontinued on days 14 and 16, respectively.
Although the patient exhibited moderately impaired LV function, he survived and was discharged without any neurological deficits.
Discussion
In the present case, although endomyocardial biopsy could not be taken, the recent viral illness, rapid development of cardiogenic shock, failure of ventricular pacing and sensing, diffuse impairment of LV contraction, and absence of flow-limiting coronary stenosis were highly suggestive of fulminant myocarditis. To prevent hemodynamic collapse and enable the recovery of injured myocardium, intra-aortic balloon pump therapy and/or extracorporeal membrane oxygenation are often used as adjuncts to optimized medical treatments and are considered first-line treatments for severe cases of fulminant myocarditis [4] [5] [6] . The long-term prognosis of fulminant myocarditis can be favorable [1] ; however, the mortality rate is high during acute stages of the illness. Mirabel et al. [4] demonstrated that 13 of 41 patients (32%) who received mechanical circulatory assistance died, and four of the 41 (10%) required heart transplants. Hsu et al. [5] demonstrated that 27 of 75 patients (36%) treated with extracorporeal membrane oxygenation died during hospitalization. To decrease the rates of death and heart transplantation, development of alternative therapeutic interventions is necessary to treat patients who do not respond to usual aggressive treatment regimens.
In this case, the progressive expansion of the QRS width and progressive elevation of CK and CRP levels suggested a classification of the patient as a non-responder. A high dose of intravenous methylprednisolone seemed effective based on the results that followed. Failed ventricular pacing and sensing recovered within 24 h, and the QRS width had decreased to baseline levels for a brief period after methylprednisolone treatment. The time courses of the CK and CRP levels also exhibited sharp declines, which were associated with improved LVEF.
Immunosuppressive treatments, including prednisone and azathioprine, are reportedly effective for the recovery of LV systolic function in patients who exhibit virus-negative inflammatory cardiomyopathy [7] . In contrast, the use of immunosuppression to treat acute myocarditis has led to controversial results. Myocarditis is associated with a wide spectrum of clinical presentations, which may explain inconsistent results. No large clinical studies have examined the effects that immunosuppression has on the functional and clinical outcomes of fulminant myocarditis; however, several case reports and a small clinical study have highlighted the benefits of corticosteroid treatment [3, [8] [9] [10] . In acute viral myocarditis, the major mechanisms that underlie tissue injury differ depending on the time elapsed from viral exposure [6, 11] . Viral replication directly causes myocardial necrosis during the acute phase over a period of few days. After the acute phase, the activated immune system plays a major role in subsequent cardiac failure. Because of molecular mimicry, T-lymphocytes that had been sensitized by viral antigen may attack host myocardium. Activation of cytokines and creation of auto-antibodies against cardiac proteins also may also contribute to tissue injury. Immunosuppression may enhance viral replication and thus have deleterious effects during the acute phase. In contrast, immunosuppression may be beneficial during subsequent phases. Because methylprednisolone inhibited progressive aggravation of clinical findings and improved LV function and inflammation, the abrupt collapse of hemodynamics that occurred in our patient most likely developed in response to an immune-mediated myocardial injury.
Conclusions
We present intravenous methylprednisolone as an attractive therapeutic option for patient with fulminant myocarditis that is refractory to optimal medical treatment and mechanical circulatory support. Additional clinical studies are needed to determine the optimal timing, dosage, and duration of intravenous methylprednisolone to treat refractory fulminant myocarditis.
